Abstract The article describes some probiotic properties of fermented product made of natural association of Tibetan kefir grains cultivated in Ukrainian household (UTKG); also, the effect of UTKG microbiota on the growth of pathogenic microbiota and sensitivity to antibiotics was studied. It was found that the test-cultures of oppurtunistic pathogens (Staphylococcus aureus, Bacillus mesentericus, and Mycobacterium luteum) were sensitive; bacteriostatic zone of the test-culture ranged from 21 to 25 mm, and highly sensitive (Proteus vulgaris and Aspergillus niger) bacteriostatic zone exceeded 25 mm to probiotic bacteria of fermented product. UTKG microbiota is also moderately sensitive to multiple antibiotics that allows defining the obtained fermented milk product as functional with therapeutic properties. During the study of the influence of different NaCl and bile concentrations on acidactivity of UTKG it was found that active acid formation occurred at the concentrations up to 4% NaCl in cultivation medium (boiled milk) and at 20% bile and 0.45% phenol. It proves microbial association to be capable of withstanding adverse gastrointestinal conditions and continue developing.
Introduction
The preparations made of beneficial bacteria, namely lactic acid bacteria and bifidobacteria, have been increasingly used both in general medicine and veterinary medicine in recent years. The action of such medicines aims at inhibiting pathogenic microbiota, reducing pathogenic adhesion, increasing useful effect, neutralizing toxins, and stimulating immunity. Despite the large number of currently produced probiotics, the problem of intestinal microflora correction and normalization still remains actual due the fact that not all of biotic medicines exhibit a stable activity after long-term use. Therefore, current requirements as to effectiveness and safety of the said medicines became stricter. According to legal requirements of WHO, there must be a clear identification of probiotic strains that are supposed to be genetically stable and able to survive in gastrointestinal medium, particularly at low pH, and under the actions of digestive enzymes and bile acids. Moreover, probiotic strains must show high adhesive and antagonistic activity against pathogenic organisms (Collado et al. 2007) .
Probiotic characteristics of dairy products were described in numerous works (Rosa et al. 2017; Lourens-Hattingh and Viljoen 2001; Shah 1997; Angmo et al. 2016 ) but developing market needs new products with well-expressed sanative properties. In addition, fermented milk product has raised interest in the scientific community due to its suggested beneficial properties, including improved digestion and tolerance to lactose (Hertzler and Clancy 2003) , antibacterial effect (Rodrigues et al. 2005 (Taylor and Williams 1998) , control of plasma glucose (Hadisaputro et al. 2012) , antihypertensive effect (Maeda et al. 2004) , anti-inflammatory effect (Rodrigues et al. 2005; Lee et al. 2007) , antioxidant activity (Guzel-Seydim et al. 2003) , anti-carcinogenic activity (Gao et al. 2013 ) and anti-allergenic activity (Lee et al. 2007) . Therefore, further possible probiotic sources are being researched. Thus, a new polyculture of microorganisms Oryzamyus indici, as well as the technology of its production was offered in Belarus (Tsed and Koroleva 2007) . Milk supplements based on Tibetan kefir grains (TKG) that mentioned in local Ukrainian sources as Lactomyces tibeticus-culture association of microorganisms are of significant interest due to wide range of biologically active compounds, relatively simple cultivation and possibility of maintaining the culture active for a long time (Yelinov and Larina 1999; Kukhtyn et al. 2016; Vichko et al. 2013) .
Tibetan kefir, which is used in China, is composed of Lactobacillus, Lactococcus, and yeast. Additionally, acetic acid bacteria have been identified in Tibetan kefir, depending on the region in China from where it was obtained (Gao et al. 2012; Prado et al. 2015) . Moreover, Tibetan kefir composition differs from that of Russian kefir, Irish kefir, Taiwan kefir, Turkey fermented beverage with kefir; however, it is known that this microbial diversity is responsible for the physico-chemical features and biological activities of each kefir (Jianzhong et al. 2009; Kabak and Dobson 2011; Gao et al. 2012; Altay et al. 2013) . It can be assumed that regional differences and cultivation conditions can strong change microbial diversity in microbial natural association of Tibetan kefir grains.
TKG that cultivate in Ukrainian household (shortly UTKG) looks like a white lump of 3-6 mm (young fungus) and up to 3.5 cm in diameter (before division), with no particular smell. In water they sediment to the bottom of the container. The lumps are formed of round or oval curded granules of 1-3 mm, with uneven surface. The moisture content in fungus is around 86-89% according to our research (Kukhtyn et al. 2016; Vichko et al. 2013) . Generic and species composition of the UTKG includes yeast cells of Saccharomyces genus, Candida kefir species and bacteria: Lactobacillus fermentum (nearly 90% of the microbial association), Leuconostoc lactis and acetic bacteria Acetobacter (Kukhtyn et al. 2016; Vichko et al. 2013) . That is important generic and species composition of the UTKG are strongly difference than traditional TKG association (Gao et al. 2012; Prado et al. 2015 ) that contributes some characteristics in taste and smell of the fermented milk product.
Motivated by the strong progress in probiotic fermented milk product (Rosa et al. 2017; Lourens-Hattingh and Viljoen 2001; Shah 1997; Angmo et al. 2016; Rodrigues et al. 2005; Lee et al. 2007) , novel fermented food supplement obtained by fermentation of milk with microbial association UTKG is characterized here. The fermented milk produced using UTKG contains 10 8 -10 9 CFU/cm 3 of yeast and 10 4 CFU/cm 3 of viable lactic acid bacteria. Components of fermented milk product showed high antagonistic activity to some species of fungi and bacteria. Moreover, UTKG microbiota is moderately sensitive to multiple antibiotics that allows ranging such fermented milk product as functional with sanative properties. In addition, bacteria of fermented product show resistance to unfavorable gastrointestinal factors. In fact, aim of this study is to determine some probiotic properties of the milk product fermented with microbial association UTKG.
Materials and methods
Product obtained by means of milk fermentation by UTKG was sour-milk traditional drink with fresh taste and aroma. The fermented product including UTKG only as starter culture was obtained by introducing 2.5-5% of UTKG association inoculum insterile cow milk with milk fat content 2.5%. A titratable acidity of obtained product is nearly 85-120°T (Therner Degrees).
Before each passage, the biomass was washed in sterile isotonic sodium chloride solution. For this, UTKG after milk fermentation was flushed out by aseptic physiological NaCl solution through two filtering septum: upper and down (the upper with bigger foramina). In this case there was an accumulation at the upper septum of a coarsegrained fungus layer (old fungus), which was utilized, and at the lower septum, a finely grained soft fungus layer (young fungus) accumulated that was then used for further milk souring. The acidity of the resulting food supplement was determined by the standard method (ISO 6092:1980) . Antagonistic activity of the fermented dairy products (UTKG drink) towards test-cultures of opportunistic pathogens was determined by ''holes'' in in vitro conditions similar to (Mishra and Prasad 2005) . The certified strains of Escherichia coli ATCC 25299, Staphylococcus aureus 209, Bacillus cereus ATCC 11778, Mycobacterium luteum VKM B-868, Proteus vulgaris VKM B-905 and Aspergillus niger ATSS 16404 were used as test cultures. Petri dishes with sterile nutrient medium [nutrient agar with 1% peptone (Chemtest, Ukraine) for bacteria and Saboraud dextrose agar with maltose for A. niger (HiMedia Laboratories PvT. Limited, India)] were filled with 1 cm 3 of test-cultures suspension in 0.5% solution of NaCl (10 6 CFU/cm 3 ). Then the suspension was distributed through the entire dish, and the excess was removed with pipette. After that, the dishes were dried in the incubator at 37°C for 35-45 min. The drying was followed by making holes using No. 10 punch (9 mm hole diameter). The formed hole was filled with milk product (fully filled). Petri dishes first were placed in a refrigerator with the temperature of 5 ± 0.5°C for 10 h for diffusion of the drink in culture medium before the test organism starts to multiply rapidly; and then for 24 h in a thermostat at 37°C for all bacteria and 25°C for A. niger. In the end of incubation process, the result was defined based on bacteriostasis of the test cultures around the hole filled with fermented dairy product. The diameter of bacteriostatic zones of test-cultures less than 15 mm means insensitive microorganism; 16-20 mm-moderately sensitive, 21-25 mm-sensitive, 26 mm and more-highly sensitive.
Defining of antibiotic resistance of the studied fermented dairy product The suspension of the culture extracted from UTKG association (10 6 CFU/cm 3 ) was prepared first. Then 0.1 cm 3 of the suspensions was put in a Petri dish with solid medium [MRS-agar (Sigma-Aldrich, USA)] and spread with a sterile spatula throughout the dish. Then five discs with different antibiotics were places in the dishes. Petri dishes were placed in thermostat at 37°C. After 24 h incubation the diameter of bacteriostatic zones around the disc was measured (Order of the Ministry of Healthcare of Ukraine No. 167 of April 05, 2007).
Effect of sodium chloride (Sfera-Sim, Ukraine), bile (Sigma-Aldrich, USA) and phenol (Sigma-Aldrich, USA) on acid-forming activity of UTKG association was determined by adding bile at concentrations 0.1, 0.2 and 0.3%, NaCl at concentrations 2, 4, and 6.5%, or phenol at concentrations 0.15, 0.3, 0.45 and 0.6% to boiled milk (Vinderola and Reinheimer 2003) .
In order to study the stability of the UTKG against gastric juice, 1.5 cm 3 of daily culture was centrifuged for 5 min at 3 thousand rotations per minute; then it was washed in saline and centrifuged again. The precipitate was re-suspended in 1.5 cm 3 of gastric juice (pH 2.0) (CJSC ''Biopharma'', Ukraine) and incubated for 2 h at 37°C. The degree of bacterial survival was determined on MRSagar (Sigma-Aldrich, USA) with counting the number of CFU after 48 h of incubation at 37°C. Saline of the same volume was used instead of gastric juice in control.
Results and discussion
The results and discussion describe probiotic properties (selective inhibition of the growth of pathogens, sensitive to antibiotics, sodium chloride, bile and phenol concentration) of natural association of UTKG.
Active selective inhibition of the growth of pathogens and opportunistic pathogens is the mandatory characteristic of dietary and health products. Microorganisms used as leaven, often are part of normal intestinal microflora. They must be resistant to metabolic gastrointestinal substances, such as sodium chloride, bile, phenol or gastric juice and show the ability for intestinal colonization and functioning provided there is no negative impact (Rosa et al. 2017; Ahmed et al. 2013) .
The antagonistic action of UTKG association in the test cultures of opportunistic microorganisms (see ''Materials and methods'' section) was studied. The results are presented in Fig. 1 .
From the above, it becomes evident that nearly all test cultures of opportunistic pathogens were sensitive and highly sensitive towards probiotic microorganisms of UTKG association. However, the most antagonistic activity of microbiota was shown towards fungus A. niger and bacteria P. vulgaris. Bacteriostatic zone made 28 ± 1 and 26 ± 1 mm, respectively, and they were highly sensitive. Bacillus cereus, M. luteum and S. aureus with 21-23 mm zone were sensitive, E. coli as normal gastrointestinal bacteria was moderately sensitive. Consequently, the above studies indicate that UTKG bacterial microbiota showed good antagonistic properties in relation to pathogenic and opportunistic microorganisms.
It is known that one of the criteria of a high quality probiotic drink is quantitative and qualitative composition of active microflora. According to published data, the content of probiotic bacteria should be an average of 10 7 -10 9 CFU/cm 3 (Vichko et al. 2013; Kukhtyn et al. 2016 ). Inoculation on selective medium showed that the total microbial count of a studied drink varies within 1.7-2.3 9 10 8 CFU/cm 3 . Most of the identified bacteria were the ones with active acid-forming capacity. The resistance of ''beneficial'' microorganisms to antibiotics allows using (with maximum benefit for the body) the products with probiotic properties during antibiotic therapy (Fernandez et al. 2003) . Antibiotics treatment without probiotics almost always leads to dysbiosis. The results of studying resistance against antibiotic of the microbial cells that are the part of the association are shown in Table 1 .
It is clear herewith that UTKG association microorganisms are sensitive to vancomycin, doxycycline, nystatin, ceftriaxone, and cefotaxime. Bacteriostatic zones ranged from 21.5 to 24.0 mm. It is moderately sensitive towards chloramphenicol, gentamicin, amoxicillin, streptomycin, and penicillin and resistant to kanamycin. Virtually, low and medium sensitivity is observed towards all antibiotics studied therewith.
Therefore, the results listed in Table 1 and Fig. 1 indicate that culture association of UTKG fermented milk drink show high antagonistic activity to pathogenic gastrointestinal microflora and are moderately susceptible to multiple antibiotics. This allows ranging such fermented milk product as functional with sanative properties.
Consumption of functional milk products leads to improving health generally, as well as helps during treatment and prevention of dysbiosis. It is known that only 20-30% of lactic acid bacteria as part of the dairy products survive through gastrointestinal passing. They are lost due to unsuitable gastrointestinal medium (acidic gastric juice and bile in small intestine). Such losses reduce the beneficial effect of functional probiotics on animals or humans. The results of the effect of NaCl, bile, phenol and trypsin on acid-formation activity of UTKG microbiota during 24 h at the temperature 28 ± 0.5°C are shown in Fig. 2 .
According to the data shown in Fig. 2 , active acid formation occurred with 4.0% sodium chloride in culture medium; but with 6.5% salt concentration, acidity was 58 ± 2°T after 24 h of cultivation. It shows that this concentration of sodium chloride inhibits some microorganisms of UTKG association, and it did not lead to intense expansion of lactose. Figure 3 shows bile effect on acid-formation activity of UTKG during 24 h of culturing at the temperature of 28 ± 0.5°C. The above data shows that cultivation of UTKG microbiota in milk with 20% bile does not significantly affect acid-forming activity. Acidity for the content of bile after 24 h was 87 ± 5°T that is appropriate for milk drinks produced with UTKG microbiota. With 30% bile concentration, no acidity increase in the culture medium was noted.
Thus, despite the fact that microbial resistance to bile is mainly observed with bacteria extracted from mammals' gastrointestinal tract (Chou and Weimer 1999) , UTKG microbiota well developed in milk with 20% bile concentration. It proves possible the ability of the microbial association to survive in intestinal medium with presence of bile. Figure 4 shows the effect of phenol on acid-forming activity of UTKG during 24 h of culturing at the temperature of 28 ± 0.5°C. According to Fig. 4 , UTKG microbiota was resistant to phenol at 0.5% of its concentrations Fig. 2 The effects of NaCl on acid-formation activity of TKG microbiota: 1-medium free of sodium chloride, 2-medium with 2% sodium chloride, 3-medium with 4% sodium chloride, 4-medium with 6.5% sodium chloride J Food Sci Technol (January 2018) 55(1):252-257 255 in milk. During cultivation, the acidity increased to 85.1 ± 4.7°T, which is 1.3 times less than that compared with the acidity of the milk fermented phenol free. It is an important factor for probiotic drink and it indicates to the ability of microbial association to withstand the adverse gastrointestinal medium and to develop in it. Table 2 shows the results on the effect of gastric juice on UTKG microbiota resistance.
The number of viable cells of L. fermentum and Lactobacillus spp. strains after a 2-h hold in gastric juice decreased on average by three orders of magnitude, namely from 2.7-4.2 9 10 7 to 1.2-1.3 9 10 4 CFU/cm 3 . Therefore, the results indicated that only lactobacilli strains were able to remain viable after holding in gastric juice. Despite the fact that lactococci strains were also acid-resistant and then appeared to be non-resistant to gastric juices.
Conclusion
It was established that bacteria of fermented milk product made of UTKG microbiota showed high antagonistic activity to A. niger and P. vulgaris bacteria (bacteriostatic zone made 28 ± 1 mm and 26 ± 1 mm, respectively); B. cereus, M. luteum and S. aureus (with bacteriostatic zone from 21 to 23 mm) were sensitive to the microbiota, and E. coli as normal gastrointestinal flora bacteria was moderately sensitive. UTKG microbiota was moderately sensitive to multiple antibiotics (chloramphenicol: 20.5 ± 0.5 mm bacteriostatic zone; gentamicin-15.5 ± 0.5 mm, amoxicillin-16.5 ± 0.5 mm, streptomycin-18.5 ± 0.5 mm, penicillin-16.55 ± 0.5 mm, kanamycin-10.55 ± 0.5 mm). This allows ranging such fermented milk product as functional with sanative properties. The study revealed that bacteria of fermented product show resistance to unfavourable gastrointestinal factors: 4.0% sodium chloride concentration in culture medium; 20% bile concentration; 0.5% phenol concentration; the number of viable cells L. fermentum and Lactobacillus spr. strains after a 2-h hold in gastric juice decreased on average by three orders of magnitude, namely from 2.7-4.2 9 10 7 to 1.2-1.3 9 10 4 CFU/cm 3 . Fig. 3 Bile effect on acid-forming activity of TKG: 1-cultivation in bile-free boiled milk, 2-cultivation in 10% bile boiled milk, 3-cultivation in 20% bile boiled milk, 4-cultivation in 30% bile boiled milk Fig. 4 The effect of phenol on acid-forming activity of TKG microbiota: 1-cultivation in phenol-free milk, 2-cultivation in 0.15% phenol milk, 3-cultivation in 0.3% phenol milk, 4-culturing in 0.45% phenol milk, 5-cultivation in 0.6% phenol milk 
